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Introduction

b The API Risk -Based Inspection (APl RBI) methodology
may be used to manage the overall risk of a plant by
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\\\\\\\i\\\\\\\\\ Wl ///////////Z//////// focusing inspection efforts on the equipment with the
& a /// highest risk

b API RBI provides the basis for making informed
decisions on inspection frequency, the extent of
inspection, and the most suitable type of Non -
Destructive Examination (NDE)
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unit risk will be concentrated in a relatively small
percent of the equipment items

b These potential high -risk components may require
greater attention, perhaps through a revised inspection
plan

b The cost of increased inspection effort may sometimes
be offset by reducing excessive inspection efforts in the
areas identified as having lower risk
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Introduction

Risk with Typical
Inspection Programs

Risk Using RBI
and and Optimized
Inspection Program Residual Risk Not

Affected by RBI

LEVEL OF INSPECTION ACTIVITY ——»
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Introduction
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Risk with Typical
Inspection Programs

Refocus Inspection Activities
Risk Reduction, for same level of

will reduce risk

Risk Using RBI

and and Optimized
Inspection Program Residual Risk Not

Affected by RBI

LEVEL OF INSPECTION ACTIVITY ——»

inspection activity, optimization using RBI
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Risk with Typical
Inspection Programs

Reduce Inspection Activities
Cost Savings, for same level of risk,

optimization using RBI will reduce activity

Risk Using RBI

and and Optimized
Inspection Program Residual Risk Not

Affected by RBI

LEVEL OF INSPECTION ACTIVITY ——»



API| RBI Document Status

A API RBI was initiated as a Joint Industry
Project in 1992, two publications produced
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///// ., API1580 Risk-Based Inspection (2" Edition
/ \\\\\\\\\\\ I //////////////ﬁ// May, 2002)

A Introduces the principles and presents minimum general
guidelines for RBI

A 3 Edition targeted for late 2008
AP| 581 Base Resource Document T Risk-Based
Inspection (1St Edition May, 2000)

// \ \\ A Provides quantitative RBI methods for inspection
ay ////////////// Wi \\\\\\‘&\\ 7 planning

///////////////mum\\\\\\\\\\\\\\\\\\ A API1581 APIRBI Technology (2 Edition
published September, 2008) significantly
revised to a new three part document

Part 1: Inspection Planning Using API RBI
Technology

Part 2: Determination of Probability of Failure in
an APl RBI Assessment

Part 3: Consequence Analysis in an API RBI
Assessment




API| RBI Document Status
A Part1 - Inspection Planning Using API RBI Technology

Calculation of Risk as a combination of POF and COF
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Presentation of results, Risk Matrix (area and financial) I
introduce user specified POF and COF category ranges

Risk Calculations for Vessels, Piping, Tanks, Bundles and
PRDs

A Part2 - Determination of Probability of Failure in an
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POF calculation
Part 2, Annex A - Management Score Audit Tool

Part 2, Annex B - Corrosion Rate Determination

A Part3 - Consequence Modeling in AP RBI
COF calculation

A Level 1 modeler withstep -by-st ep fAcanneddo pro

A Level 2 modeler providing rigorous procedure

A Tank model consequence calculation



API| RBI Document Status

A Major improvements in APl RP 581 2 nd Edition

Step -by - Step procedures similar of APl 579 -
1/ASME FFS -1 2007 Fitness -For-Service and
ASME Section VIII, Div 2, 2007 to

demonstrate the technology, to fully illustrate
calculation procedures, and to stimulate peer
review
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Focus is now on inspection planning, concept
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inspection planning utilizing user specified risk
targets

Improved damage calculations, introduction of
t .. calculation

Multi -level consequence models

min

Inclusion of RBI models for atmospheric tanks,
heat exchanger bundles and pressure relief
devices




Heat Exchanger Bundle RBI Methodology

A Bundle failure definition T
Tube Leak

A Condition based inspection
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usually does not exist A

Not enough data to be
statistically significant

A API RBI relies on failure
ay ‘ o database with matching
o ////////////// e \\\\\\\\\\\\ \\ criteria to obtain statistical

W i custe t o

A Probability of Failure (POF)
as a function of time is
determined as follows:

Specific bundle failure
history, if enough data to
determine MTTF or  Weibull
parameters

Filtering on Local and
Corporate Failure Libraries

to obtain Weibull curve of
matching bundles (  Weibayes
analysis)




Heat Exchanger Bundle RBI Methodology

Shell Side

Campanent Componert Description. Exchanger .. TEM& Type- Filld Categary Shellside Procs
\ 037-E-024-T1 | Regeneration Vaporizer Waporizer  |BKU Olefins (Propylene/Butyl Selective Hydragensatior
014-E-053-T2  |Propane Vaporizer Vaporizer  |AEL LPG (Propane/Butane) | Cumene

041-E-0214-T1 |Propane Dryer Regenerator  |Vaporizer  BrownFintube  |LPG (Propsne/Butane)  (Sat Gas Plant
041-E-0212-T2 |Propane Dryer Regenerator Vaporizer  |Brown Fintube  |LPG (Propane/Butane)  |Sat Gas Plart’
041-E-021A-T3 |Propane Dryer Regenerator  |Vaporizer  |Brown Fintube.  |LPG (Propane/Butane)  (Sat Gas Plant’
041-E-021B-T1  |Propane Dryer Regenerator Yaporizer  |Brown Fintube  |LPG (Propane/Butane)  |Sat Gas Plant
041-E-021B-T2 |Propane Dryer Regenerator  |Vaporizer | Brown Fintube  [LPG (Propane/Butane)  |Sat Gas Plant
041-E-021B-T3 |Propane Dryer Regenerator Yaporizer  |Brown Fintube  |LPG (Propane/Butane) |Sat Gas Plant
9 |041-E-021C-T1 |Propane Dryer Regenerator  |Vapotizer  |Brown Fintube.  |LPG (Propane/Butane) | Sat Gas Plant
10 |041-E-021C-T2 |Propane Dryer Regenerator Vaporizer  |Brown Firtube  |LPG (Fropane/Butane)  |Sat Gas Plant’
11 |041-E021C-T3 Propane Dryer Regenerator  |Vaporizer  Brown Fintube  |LPG (Propane/Butane)  (Sat Gas Plant
12 |041-E-021D-T1  |Propane Dryer Regenerator Vaporizer  |Brown Fintube  |LPG (Propane/Butane)  |Sat Gas Plart’
13 |041-E-021D-T2 |Propane Dryer Regenerstor | Vaporizer  |Brown Fintube  |LPG (Propane/Butane) | Sat Gas Plant
14 |041-E-021D-T3 fP'ropaneDryer-Reg‘jeneraior Yaporizer |Brown Firtube  |LPG (Propane/Butane)  |Sat Gas Plart’
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A Obtain a matching set of bundles by filtering on failure libraries
Exchanger Type

TEMA Type
Tube Metallurgy

TS and SS Fluid Categories

Operating conditions, Temps, Pressures, Velocities, etc.
Process Unit

Controlling Damage Mechanism

Fluid Damage Modifiers (H ,S, Sulfidation, Caustic, etc.)

Many, many others




Heat Exchanger Bundle RBI Methodology

A Weibull plot based on filtered set of similar

bundles
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filter/cut set 7
Ability to review i
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Eliminate outlier a
bundles as /

necessary to
make the fit more
appropriate
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Inspection History
effects amount of
uncertainty (shift
to the left)




Heat Exchanger Bundle RBI Methodology

A Inspection effectiveness

~

\\\\\\QQ\&\\ “&“H,l,,,z” ////%///// A Use uncertainty on Weibull plot based on
g // level of inspection

A Better inspections reduce uncertainty,
shifting Weibull curve to the right
O ’ An inspection provides two things:
///////////////// M \\\\\\\\\\ \\\ A Reduction in uncertainty resulting in the use of

a different failure rate curve, e.g. moving from
a 50% AU curve (no inspection history) to a
curve 5% AU curve (Highly Effective Inspection)
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A Knowledge of the actual condition of the bundle;
this may result in a shift of the raw data failure
rate curve to the right or to the left. The
current condition of the bundle could either be
guantified by remaining wall thickness data or

by an estimate of the remaining life.




L
Q\\\w NN

\y,
/

> ///// '\\\\\ &
N 7
. ///////////////mmm\\\\\\\\\\\\\\\\\\

FF

80

10

50

30

10

Weibayes Analysis of Heat Exchanger Bundle

W/rr/inspl/c%=fm-90/AU%=50 /

/ A
g

90% Lower Bound Confidence g

Interval with 50%

Additional Unceptainty S
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Eta Beta pve% n/s | YR2006
20.45 2.568 99.9 9/4 || MOSD20
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